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(54)Title: GLP-1 ANALOGS USEFUL FOR DIABETES TREATMENT 



(57) Abstract 



The invention provides effective analogs of the active GLP-1 peptides, 7-34, 7-35, 7-36, and 7-37, which have improved 
characteristics for treatment of diabetes Type II. These analogs have amino acid substitutions at positions 7-10 and/or are trun- 
cated at the C-terminus and/or contain various other amino acid substitutions in the basic peptide. The analogs may either have 
an enhanced capacity to stimulate insulin production as compared to glucagon or may exhibit enhanced stability in plasma as 
compared to GLP-1 (7-37) or both. Either of these properties will enhance the potency of the analog as a therapeutic. Analogs 
having D-amino acid substitutions in the 7 and 8 positions and/or N-alkylated or N-acylated amino acids in the 7 position are 
particularly resistant to degradation" in vivo. * **" *" " ' ~" " * 
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5 GLP-1 ANALOGS USEFUL FOR DIABETES TREATMENT " 

; 5,:- *- .This : is : a continuation-in-part of -U . S • : : 
- . Application Serial Nov 468 ,736 V ? filed 24 January "1990. 

10 Technical Field .%&t>n&up&z isde^s bid-; Oil 

vriv^rc- :o "The* invent ion^relates^ to* the f field of improved 
1 r; pharmaceutical- compositions . -Specifically/ the invention 
-riconcerns ranalogs of the^glucagon-llke peptide^H^ fragment 
7 "36_vor „ 7-r3 7„, with ^improved pharmacological properties . 
15 hi m oi-:/rr?£- : : ~ v ^srf:* o^oOi^xfe 81c L~ ; r -"3vM ^ 

Background Art • " 

Glucose "metabolism is regulated- by a number of 
peptide hormones, including insulin, glucagon, r and 
- gastric - inhibitory peptide (GIP) ';*"■" The complex mechanism 

2 0 by which these peptide hormones regulate this metabolism 

• and the manner in which they affect each other is at 
least: partially ...elucidated". For example , , glucagon- binds 
to receptors on the surface of the pancreatic" beta" cells 
-^c L which -produce insulin, ~ and stimulates insulin secretion. 
25r.i„Glucagon-like" peptide L has been suggested to stimulate-* 
insulin secretion but- this has not~ : been confirmed. 

- ~- Several of these hormones originate from a mam- 
malian glucagon precursor "proglucagon" which is a 180 
amino acid peptide. Proteolysis and processing of this 

3 0 peptide results in a number of these protein hormones; 

the results of the processing depend on the origin of the 
cells in which this occurs. For example, in the pig and 
rat pancreas, proglucagon is processed to form glucagon 
and glicentin-related pancreatic peptide, a large peptide 
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which contains both GLP-1 and GLP-2 sequences. In 
porcine small intestine, the secreted products are the 6 9 
amino acid glucagon-containing peptide glicentin and the 
two glucagon-like sequences — . GLP-1 and GLP-2 as separate 

5 p eptides, - ■;■ B3TZ\% ^Z£-Ji „ : _ . T r i.JL .LTllJL^I jjzJ^. & : 
In any event, however, the overall sequence of 
proglucagon contains - then 2 9 ;: amino ,_acid -sequence of 
glucagon, -the : 3 6~or~ 37 ; amino 'acid sequence vof GLP-1 -and 
the 34 amino acid sequence of GLP-2, separated by amino 
10 acid spacer sequences. Ig~ ir jjoiT; c 

bavoiati: ic bi Ear lynat^emptsstprassign^a-rpattern of activity 
c I ^^to-GLP-1 gaye^ ambiguous results, ; and:-, it -/was ^subsequently 
^ rec cpncludedithat truncated^ f orms^of ^thisr.peptiderrare rbio- 
m s .logically ActiL^i^Mo^soy .t.S . v-^t.ia.lr. rJ Clin Invest : 
15 (1987) 7J9: 616-619 disclose that only the 31 amino acid c * 
peptide GLP-1 (7-37) strongly stimulates the; release of 
- insulin from. pancreas; although . both . the_ truncated and 
full length 37- amino, acid formhad earlier been " found in 
- pancreas and intestine; It has been demonstrated- that 
20 _ GLP-1 (7-36) , : possibly with, the carboxy .terminus 

amidated, is also a potent mediator of insulin- release . 
- z - k. ^i c (See, 3 e.g. , % Hoist ^ J> J; , et? ah ? FEBS Letters srf 1987 ) 
z 211 :169-174) . r. ^ f,r: : . - >* , -rr r — tr-~. -1 : 

•. r^-i.: ^udsc. A /The_ invention, .described, below concerns analogs 

2 5 - , of these truncated^ forms of- GLP-1, which have desirable: 

combinations : of - characteristics as they, relate; to: potency 
in potentiating glucose-induced insulin secretion and 
glucose-induced inhibition of glucagon secretion and to 
circulating half-life. The physiological effects of the 

3 0 truncated forms in potentiating glucose-induced insulin 

secretion have been shown as described above by Hoist, 
J.J., et al. and Mojsov, S. , et al. (supra) The 
activity of the truncated hormones in inhibiting glucagon 
r lease has been shown by Orskov, C. , et al. Endocrinol 
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(1988) 123:2009-2013; Suzuki, S. . et„ al.. Diabetes 
Research; Clinical Practice (1988) . 5 (Supp. 1) : S30 . The 
circulating half -life of. , these truncated forms is 
short—approximately four minutes as shown by Kreymann et 
al. The "Lancet (December 5 f . 1987) 1300-1303.. ---The*- 
modified forms, of Q these., truncated GLP-l peptides provide 
the opportunity to _ optimize these properties.^- , V ; 

There .is., some . literature relating to the study 
of degradation of peptide^hormones in the^ liver jl and in 

10 * plasma and. the half-lifelof such , hormones, in vivo - ; i 
generally. An early paper by McDonald, J.^K. et al. , J 
Biol Chem (1969) 244 : 6199r6208 ( ,showed that^ a^dipeptidase 
was responsible :V for .Jhe_degradation : of ^glucagon in rat 
liver. Studies , on the growth hormone releasing^ factor , a 

15 member of the general glucagon, ,-GLPt-I, , GLP-2 -family, was 
shown to be rapidly degraded in plasma in vitro and also 
in vivo by a dipeptidase, (Frohman, L.A. et al., J Clin 
Invest (1986) 78:906-913). Murphy, W.A. et al., in 
Peptide Research (1988) -l: 36-41, showed that some but not 

20 all alkylated growth hormone releasing factor peptides 

had higher potency in vivo. In particular, for example, 
the triisopropylated GRF-29 was found to be 106 times 
more active, than^ GRF-29 itself . On the other hand, GRF- 
r . .? -V^^^^^was ^in , methylated^ st , : the N— terminus ^was only 40% 

25 as potent as the ^ parent. It r: was also shown, that 

substitution of D-Ala position 2 v pf this hormone enhanced 
its potency. It was, of course, not certain to what 
effect on properties the enhancement of potency could be 
attributed. 

3 0 Others have attempted some modifications of 

GLP-l (7-37) . It has been shown that deletion of the 
histidine residue at position 7 greatly diminishes the 
activity of the hormone (Suzuki, S., et al. (supra); 
Hendrick, G.K. , et al. Abstract: Endocrine Society 
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Meeting, New Orleans, LA (1988)). There have been 
conflicting reports concerning the effect of one or more 
C-terminal deletions (Suzuki, S. , et al. (supra) ; 
YanaiharaV c~„7 et al. Abstract for A Glucagon and Related 
5 Peptides- Satellite Symposium ? 1 8th*' International Congress 
of Endocrinology, Juiy : 15-16V" 1988 ', Osaka; Japan) ^ 
However f z there is an extensive literature" with regard to 
modifications of other members of this peptide hormone 
- family," x such- as* GIP;- glucagon' releasing factor (GRF) , 
10 secret in ^aha-^ vasoactive intestinal peptide "(Vipf . 

; i Discibsure r of the Invention "" ~-™ -.-..v..*— ■ 

«r" n; fro- ^->^^"The a invention provides "modified "form of the 
& ,t ^; GLP-l r (7-34)7 (7-35)"; "(7-*3 6f br r (7 £ 37 ) ^hximan peptide or 
15' ' < the C-terminal amidated r f orms thereof . "The^ native' 
peptides have the amino acid sequence: 

7 " 10 15 20 25 
..H-A-E-G-T-F-T-S-D-V-S-S-Y-L-E-G-Q-A-A- 

20 3 0 - : 37 

K— E-F— I-A-W-L-V-K— (G) - (R) - (G) 

.... : . zsr 2: : C " r^*'^ r S-.-v ^"-^H^* r. - : t - 3 

wherein* '(G) , : (R) , and (G) are present or absent depending 
.~ .-on indicated chain length.' The modified forms contain 
25 one or • more-alterations r of the native structure and are 
* . - of improved" ability '-f or therapeutic use. Either the 
modified forms have greater potency than glucagon to 
potentiate insulin secretion or enhanced stability in 
plasma or both. This potency and enhanced stability can 
3 0 be assessed as described below. 

The standard one letter abbreviation code for amino 
acids is used. 

The analogs of the invention which show enhanced 
insulin stimulating properties have the foregoing 

35 
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z sequence, or the C-terminal amide thereof with at least 
one modification selected from the group consisting of : 

(a) substitution of a -neutral amino acid, arginine, 
or a D form of lysine for lysine at position 26 and/or 34 
5 and/br a neutral' amino acid, lysine, 'or a D form of c 
r arginihe^f or f *arginine at" : p6sit£6n v 3 6; — r; 

- b ; (b) substitution of an oxidation-resistant' amino 
----acid for tryptophan at positiori 3i;^ r r r 

D - ^ ^ (cj ? - substitution accord!ng u to ; at c iwst ohe'oif : 
ionx^s^:: -^-n-y-for : V^at positiiSn 16;~ r > ' ro 

K for S at position 1 18 : ; nI ::C ' r: ' z ^ 
:r: -' : - r D r for E -at position al; r : ' - 

S for G at position's^ - 5 - c 5 r -v H jo* - 
^ -°-R t for Q n at 3 positibn T 23; J " 
15 R for A at position 24; and^ r H no *" VJ:L c ~ 

Q for K at position 26; 
- V ; (d) a substitution comprising at least one of : 

an alternative small neutral amino acid for A 
at position 8; 

20 ~ an alternative acidic amino acid or neutral 

amino acid for E at position 9 ; 
" r ' • • ; ' r an alternative'iieutral' amino acid f or ! G at 
^ - " ^position ; 10; arid - 
. - -^ti^,-. ^ah 1 alternative- acidic amino acid tor D at 
25 - v - ^ position 15 ; and - ~ " ;U ~ - 

~ (e) substitution of an alternative neutral amino 
acid or the D or N-acylated or alkylated form of 
histidine for histidine *at position 7 • 

With respect *to modifications (a) , (b) , (d) and 
3 0 (e) , the substituted amino acids may be in the D form, as 
indicated by a superscript t/ e.g., • The amino acids 
substituted at position 7 can also be in the N-acylated 
or N-alkylated forms. 
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Thus, one aspect of the invention is directed to 
- peptides having. enhanced insulin stimulating properties 

.analogous -to the above-mentioned -truncated forms of GLP-1 
_ (7-34) to. GLP-1. (7 -r3 7) , as described above. 
5 ^..In another aspect, the invention is directed r to 

peptides which show. enhanced degradation ^resistance in 
plasma as compared -to,. GLP-1*-; (7-37) ^wherein this enhanced 
resistance to degradation is defined as -set forth :below. 
In these analogs, - any -of ..the above-mentioned- truncated 
10 forms of GLP-1 (7-34) tp^GLP-1 (7-37 ) :c orvtheir C-terminal 
amidated forms is modified .by-, -v 0 - J: - ; 

(a) substitution t of~ a.p-rneutral-or. ,D-acidic amino 
acid for H at position r 7> ~or oa r - rc » r 

(b) substitution., of ^ :a. Dr-amino acid ; rfor A at 

15 position 8, or t , r , , , ~ rsr.l^T :; /. ; r :- 

(c) both, or , 

f> . (d). substitution, of an N-acylated or N-alkylated 
form of any naturally occurring amino acid for H at 
position 7. 

20 Thus, _ analogs of the invention which are resistant 

* to degradation include (N-acyl (1-6C) AA) 7 GLP-1 (7-37) 
_ and (N-alkyl (1-6C) AA)J, GL^~l :i t (l-37) - whar&Ln when AA is 
a lysyl residue, one or both nitrogens may be alkylated 
or .acylated. : _ AA symbolizes^ any. ^ aminb c acid consistent 

2 5 with retention of insulin stimulating activity . 

Tor substitutions of D-amino acids in the 7 and 8 
positions, the D residue of any acidic or neutral amino 
acid can be used at position 7 and of any amino acid at 
position 8, again consistent with insulin stimulating 

3 0 activity • Either or both of position 7 and 8 can be 

substituted by a D-amino acid; the D-amino acid at 
position 7 can also be acylated or alkylated as set forth 
above. These modified forms are applicable not only to 
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,.. ■: GLP-1 (7-37) :but also the shorter truncated analogs as 
- set forth above. -l ^\.. , : \<:/: er^:^. - : r v ~ - - 
« : r : In ^other^faspects , the invention .is directed :to 
pharmaceutical .compositions "containing r one or more /of 
5 - - these . peptides, as .active ^ingredients f rand „to methods rto 
treat Type II zdiabetes using . these peptides - or ~~ c Lr.? 
c:compositions -thereof r - c*d? - I r tlz .ilrsnnr.'- 

sr£ Brief Description of ^the 'Drawings ^ - ...c^c/^t; 
10 nrriFigure si schematically "outlines rthe^classif icatiori- 

r of -amino acids cas iused therein . t lur D Km c ~. p^Ar^^n 
\i— ;;r. u Figure ;2 4 gives a list^of various compounds rof the 
• • b r ^invention • :i --r^r.^q. Bit? . v.scr^-::^ srtr bnsi^.^ 

^ * >Irr-sn ;; ^Figure d3^shows the^resultsc of ^radiolabelfcsequencing 
15 analysis :f or tdegradationSbf t two -analogs J in "plasma ; - ^ - - 
Figure, 4: shows: the-: results of various GLP-1 (7-37) 
: analogs - with r changes: in the amino terminal region, to 

'""125 

displace I-GLP-1 (7-39) from amino terminal-^ specif ic 
antiserum. ; ~ - r . : 1 -..-*-■• ^/ 

Modes of Carrying Out the Invention - - * 

a./ rs.C J ; :,The: analogs of ":the£ inventions which 'are^modified 
forms of ~the T GLP-l(7-34) y (7-35) , t (7-36) or* (7-37) " are 
ca-<-characterized by ^showing greater potency than glucagon in 

2 5 an in vitro ' assay measuring insulin release from" isolated 

rat islets in culture, or. by- enhanced stability in plasma 

Or both. . :-:£ r _ 

Assays for Analogs with Enhanced Insulin Release 
- Stimulating Properties 

3 0 One group of analogs of the invention is more 

potent than glucagon in stimulating insulin release from 
islet cells. By being "more potent than glucagon in 
stimulating insulin release from islet cells 11 is meant 
that the analog referred to shows greater potency in an 
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.-. in vitro assay selected from the group consisting of the 
following: Rat islets for these assays" are -isolated by 
the :;method .of Sutton, R. etral.., Transplantation (1986) 
4 2 : 689-691 incorporated herein :by reference.' : Briefly, 
5 c SpraguerDawley. -male rats ;are anesthetized and -the slower 
end of jthe ccoEunon bile-duct ris Lcannulated. with a il FG 
cannula tied in place. The left rand aright chepatic ^ducts 
are then ligated separately above the region of the entry 
of pancreatic ducts ^into Athe £biliary : tree .yc :The rats are 

10 o i -killed ^by oexsanguination vand z3 zmL -Hank Is ^solution c ^ 

containing 7.5 mM CaCl^ ,~i20 - mMiHEPES .^buffer- andrl-6 .mg/mL 
wrt. Type.-I; collagenase-are :run into the .cannularto uniformly 
distend the pancreas. The pancreas is then -excised iand 

pniDrplacediin^aobeaker^onricer prior tocincubation^Iin Hank' s 

15 solution tcontaininga20v:mM^HEPESrbuffer atc37?C; it ; ~ - 

.After 13-25„min of incubation, the pancreas is 
removed and placed in Hank is solution containing 5 g/1 
bovine serum- albumin and 20 mM HEPES buffer at r 4°C. All 
of the pancreatic tissue is then gently syringed .through 

2 0 a 14 FG needle, suspended in further Hank's solution 

containing HEPES as above centrif uged at 50 g for 10 sec 
t < and-the- supernatant- is~discarded; The.: tissue: pellet is 
resuspended and again" gently ; syringed; . followed by 

; _ , another wash, z after which^then dispersed tissue; is., passed 

25 through a nylpn. mesh filter of 500 u pore^size. . The 

filtered tissue :.is centrif uged at 350 g for- 5 sec, the 
supernatant discarded, and the tissue is then suspended 
in 25% Ficoll made up in Hank's with HEPES as above, on 
which was layered a discontinuous density gradient of 

30 23%, 20%, and 11% Ficoll solutions. This density 

gradient was spun at 750 g :for 10 min at 4°C, and the 
tissue obtained from the upper two interfaces was washed 
three times in Hank*s solution and viewed through a 
dissecting microscope for hand picking of islets. 
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~ In one approach .the -ability of the GLP-1 ^analog to 
potentiate secretion ,f rom these -Islets .is rthen -determined 
-according to -the method of .Schatz , :H. et al. , in VMethods 
. in , Diabetes Research" ;(1984)~ Volume 1, Part C: pages 
5 , -291-^307 incorporated herein by. reference. : In this 

method ,7t5 - 1 0 islets .per ctest ;tube are incubated in. 1 mL 
r;r r Krebs-Ringer^bicarbonate ; buf f er i (KRB buffer) . For 
— testing,; glucagon or the modified .-.analog of the invention 
ris ^added* at r5.-rX0.f /ig/mL. v :The -level of cinsulin released 
10 ££».-may ^be ^measured -by ithe rmethod jof.CJensen , (S . 1j • et aal . , M - J 
^ Physiol : ( 19 7 8 V , 2 3 5 : E3 8 1-E3 8 6 ; incorporated herein: by 
reference...; - -r^r. * . _ lc J. •- 



nl £o r3"iThe -following ^protocol xiseanpref erred .method to 
15 _t measure . st imulation of ^insulin ^secretion t-l-'l After u ; £ ~ - r 
r collagenase- digestion, the ^islets are allowed to recover 
overnight by incubation- in DMEM^ (Dulbecco • s -Modified 
Eagle Medium 16 w/o glucose) , 2 • 8 mM glucose, 10% fetal 
bovine serum (FBS) at :37°C, 5% C0 2 . 
20 The next day, .islets to be used for the experiment 

are transferred to DMEM, no glucose, 0.2% BSA (Armour, 
clinical grade, made- ate 5% ~f stock) for c a; 60 iim > 
t preincubation in serum-free, glucose-free medium. Islets 
/- are ^picked.up ,by.„Eppendorf ^pipette and transferred to 60 
25 „ mm TC plates containing 8.0 nL medium and returned to the 
incubator for 60 min. Islets are counted during this 
transfer. . (Note: each data point is 5 islets, 
experiments are usually performed in quadruplicate; 
therefore, 20 islets are used per data point.) 
3 0 Typically, recoveries are 150-2 00 islets per pancreas. 

Any suspect islets — too ragged or falling apart — are not 
used. 



set up, so that all that is needed at the end of the 
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preincubation is to transfer islets in' groups of 5 to 
experimental ^conditions r.:. The experiment is -set up in 48 
..i Jwell..TC plates with:0.5 mL medium per well. . *To DMEM-0. 2% 
BSA.is added glucose ;to desired 'concentration (usually 
5 2 .8 mM . for .hypoglycemic conditions p~Si 6 mM -glucose for 
jm euglycemic, ;or 16.7 ,;mM:glucose-f or- "hyperglycemic )« and 
test compound ~at C various dose .ranges ~( typically ; -1 pM to 
r i.h.lOO nM) ; tTest compound is ^diluted from -stock -stored at 

:/-80°C-,and;atr-o:3 mM vserially into -phosphate -buff ered 
A°M saline (PBS) , 0 . 2% s>BSA:r.to prevent -loss "on sides ^of Ytubes 
Afters medium rrplus r>test compound I is fmixed " 0 5 Jjril* ?each is 
added to 4 wells for quadruplicate data points.--^- - 

After the preincubation period, 5 islets are added 
-per iwell. bilsletsqare^picked rupcby neppendorf -* pipette in 
15 25 ulr volume, r Incubation;, continues i another ^60 "smin/^at L 
-which time 0.3 mL is harvested per well with care taken 

not.to pick up islets. Wells are then rechecked -for 
: islet number. Medium is then assayed for insulin content 
using an insulin RIA. If medium is not immediately 

2 0 _ assayed, it is stored at -20°C until assay. Dose 

response curves for insulin secretion are plotted and 
ED Crt is calculated from the curves.) ^ ^ ; - > -^airsi,' 
— ,„r Higher:r potency as compared" to glucagon* is* defined 

c as„ either higher, levels, of - insulin -released by " the analog 
25 using the same concentrations of glucagon and analog or, - 
alternatively, the same level of insulin release but 
using a lower concentration of analog than glucagon. 

While the foregoing assays form specific criteria 
for judging enhanced potency, alternative assays can also 

3 0 be used as substitutes for those set forth above. 

An additional test for potency of the compounds of 
the. invention measures their ability to stimulate cAMP 
production in RIN 104 6-3 8 cells. This assay can be 
conducted as follows: 

35 
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On day: 1, 5 x 105 — 1046 _3 8 cells (Drucker , d. J. , 

et al. . Proc Natl Acad Sci USA f !987) 84.: 3434-3438 ) are 
* ' seeded into Individual wells'" of 6-w'ell dishes with 2.5 mL 
M199 culture medium. .On day 4, cells are re-fed with 
5 fresh medium and on day J 5 ~ t:he assay is 'j>er formed T At 
this time there are -2 •0-2. 5 x 10 6 cells per well. 
Assays are only . performed bri "cell passage <24. 
^ -At time -60 miri, monolayers are washed twice with 

1.5 Mj PBS, " arid medium Is changed to r.o mL of~DMEM * 
" medium "plus 4.5 g/l^glucose^and^O. 1% BSA (assay medium). 
At ' 0' time'/ medium is ^aspirated arid fresh assay medium, 
1.0 mL, -containing" testf compound is added.* **Test "compound 
is added in 50 ul volume "of PBS plus "0 .1% BSA; controls 



15 



20 



are added in vehicle aiorie J I ^Incubation is continued for 
0 to' r 6d min. " •--**.» - \ 

At termination, conditioned medium and monolayer 
are harvested to measure both extra- and intracellular 
cAMP content 1 For extracellular measurement, medium is 
removed and centrifuged to remove any cellular debris. 
For "intracellular determination, " after medium removal, 
1.0 mL of ice cold 95% ethanol is added to monolayer. 
Cells™are~coriected by ~ scraping /lysed by two cycles of 
quick freeze/thawing usihg^ liquid N 2 , and cell debris 
- ttieri removed by T centrif ligation^* "* Aliquots" *(i740th well 
content) of conditioned medium and ethanol cell extract 
are measured in duplicate for cAMP levels using ah RIA 
kit by "the acetylated protocol. 

As above, higher potency as compared to glucagon is 
defined either as higher cAMP stimulation by both the 
analog and glucagon at the same "concentration, or the 
same cAMP stimulation by the analog at a lower 
concentration. 

Still other assays for measurement of enhanced 
35 potency to mediate insulin release can be used. 
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The. ability of the. compounds to potentiate the 
release of insulin, can be tested both in vitro and in 
vivo . Insulin released "can be detected using a. standard 
antibody assay^ both in analyzing plasma in in vivo 
5 studies^and in analyzing media or perfusion ^liquid^ in 
vjtro. ^ ^ * ; _ r . i? _ ^ t . r >.. ^ 

For. example, a useful in vitro assay uses the 
pancreatic infusion assay method, of .Penhos,., J.C. , et al. 
Diabetes (1969) .18: 733-738, as employed in Jthe method of 
10 Weir, G.C., et al. J Clin Investiaat (.1974) 54:1403-1412:, 
Insulin secretion can also be measured c by the method 
described by Hoist, J.J. , et al. FEBS Letters (.1987), 
211:i69-174 (supra). Also useful as an assay for 
insulinotropic effect is the measurement of .stimulation 
15 of adenylate cyclase in the RIN 1046-38 cell, line. ~ 
Drucker, D.J. et al,. Proc Natl Acad Sci USA (1987) 
84:3434-3438 (supra) . . ^ „ f . c ., r ,__ F 

Inhibition of glucagon release can be shown as 
described by prstov, C, et al. Endocrinol (1988) 
20 123 : 2009-2013 ; Suzuki, S. , et al. Diabetes Research: 
Clinical Practice (1988) 5(Supp. 1):S30 (both supra). 
Assays for Enhanced Stability to Degradation , t 
The therapeutic' efficiency of the GLP-1 . analogs of 
the invent ipn can . also be ^enhanced c by. providing analogs 
25 , with increased half-lives in vivo . By "enhanced half- 
life in vivo " is meant a demonstrated ability to resist 
degradation in the presence of plasma according to an 
assay selected from the group consisting of the 
following. In all assays, the plasma is prepared by 
3 0 collecting blood into heparinized tubes, placing the 

tubes on ice and centrifuging at about 3,000 rpm for 10 
minutes in a tabletop. centrifuge. The separated plasma 
is stored at 4°C. 
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A. Radiolabel Sequencing ; 
„ The GLP ; analog ,is labeled by-radio-iodination in 
position 19 using standard radiolabeling methods After 
exchange into RI A buffer - ( 5 0~ mM ,NaHP0 4 fc pH 7.4, 0.25% BS A 
: (Ajrmpur insulin and ^FFA ;free) , 0.5%; .BME, , 0 . 002%. r:\rc 
polylysine ; ( Sigma 15,000 mw) , , c 0 . 05% , Tween 20, -0.1% NaN 3 ) / 
the radioiodinated .peptide ((about 10 5 cpm/50 mL) and cold 
uniodinatied .peptide ■■(20 %f /il, 100 nM) are added into 2 ml of 
P las H^: .49: i^ a \ ^concentration of ^i: nM and cincubated in 
t^;c9A?5 : H.^? 1 rA?l9 watery -times, r -Total -,RIA <. r 

b H. f J?. er :c?l4!* e< ?. ~to : jplasma £neyer exceeds ,5% ; of rtotal^volume . 
- A1 r .the . end of. incubation , : 10%_ i ,bacitracin ( w/ v); ; in , water 
is ;i* dded .vto a f inal ^concentrate rto stop:rthe 

xeact ipn . - * - : ■ -~ : , T . c~s a v ~ £- -~ i :f rt £ is n o / o 3 L c ^ 

r _ nx The plasma is then r extracted -using C18 Sep-^Pak to 
separate the analog and any fragments from the bulk of 
the plasma proteins. Sep-Pak cartridges (Waters). rare 
washed with 2 mL of 1-propanol, followed by 2 mL of water 
and then .equilibrated with 2 mL of 2 0% CH 3 CN containing 
0*l%^trif luoroacetic acid (TFA) (Buffer A) . ^ .... 

The bacitracin-treated jplasma is made 20% CH 3 CN 
^^^3^ .containing 0.1% V TFA and : , is expressed ..slowly 
through . a . 3 mL plastic syringe ^through the cartridge . 
The cartridge is then . washed -with. two , 1 -mL^ Buf f er.cA 
washes and eluted with a: single 2 mL.wash.of 50%rCH 3 CN? 
containing :0.1%TFA (Buffer B) into a siliconized 12 x 75 
glass r tube. Recovery of the analog or .fragments is more 
than 90%. 

The eluates are concentrated to 100 /xl in a Speed 
vac and transferred to a 1.5 mL.Eppendorf tube to which a 
1 mL RI A buffer rinse of the original tube had been 
added. 



analogs of GLP-1 (7-37) are used, the concentrates are 



To purify any analog or its fragments when the 
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treated with 5 /il of antiserum prepared to a synthetic 
peptide corresponding to residues 24-37 which recognizes 
:; GLP-1, GU>-1 (7-37) but not GLP-1 (7-36) . ' When the 
shorter forms of analogs arr used, alternate"" carboxy 
5 terminal-specific antisera ^(prepared in the same ^manner' 
r r * but using a -peptide' corresponding to residues 24-3 4 , 24- 
, . c ~ -.35 or -24-36 as immunogeri) -are -used. ^ r To this is added 100 
Ml of a 10% - (w/v) solution of r prot"eiri A-Sephardse :! 
/_ bar(Pharmacia)~ in PBSp and the '"mixture is r incubated- c; 
10 / Ibvernight at ^4 °C ^*iW ^The u Sephkrose is 

. ^mirltheri rpelleted^with "a >:r 5 second ^spiri c irf r ari -Epplsndoirf : 
ii centrifuge at "4 °C "after ^which ri the : pellet is" washed * two 
^ retimes swith ^cold TRIA-buf f er :£ 'and * f oW T/ times ^ith :r cold PBS . 
Polyclonal antisera were raised in New c Zealand 
15" : White ^rabbits -''against V-synthetid peptide fragment 

corresponding to residues 24 to 37 of GLP-1 (7-37) using 
the=method of Mosjoy, S. et al. , J Biol Chem (1986) 
261 ; 1188 0-11889 . Initial immunizations were into the 
inguinal lymph nodes and used Freund's complete adjuvant. 
20 Two subcutaneous boosts were performed at 1 week 
. intervals after the initial immunization and used 
y 1 wFreund * s ^incomplete adjuvant 0 vFdr r a 'single imauni'zation 
orzboost 100 Mg peptide 'and 100 -methylated BSA 
dissolved^ in 0 r3 - mlPphosphate-biif f ered -saline - (PBS) were 
25 - -emulsified :*with 0.9 mL adjuvant. Bleeds (50 mL) began at 
week 6 after the initial -immunization and 1 continued at 1 
month intervals thereafter . Repeat boosts were performed 
as above when titers dropped noticeably from the level of 
the previous bleed. 
3 0 Serum was prepared by allowing the blood to clot 

overnight at 4°C. The clot was pelleted by 
centrifugation at 2000 g for 15 minutes and the serum 
removed. Serum is stored in aliquots at -20 or -80°C. 
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The peptides are then eluted from the antibody 



l-protein-A sepharose, complex-: with three 100 £1 washes of 
Buffer IB. The combined 3 00 fiLof wash are then applied 
directly to .an ABI model 477A sequencer used according to 
5 the::manuf acturer 1 s ^instructions . * " Fractions'^ from each •* 
.7 .cycle :are^ then diverted for counting. > Counting^ can be 
.effected^in 4 mL: aqueous scintillant (ACS , Amer sham) . 



^rfTextent-" of ^ degradation f rom^the" N-terminus'U ^ If t no- ' 
10 ^^degradation f romr the -N- terminus'- has occurred in^ the GLP-~ 
It (7-37) analog;^aiav of the aaber will; appear in" the 13th 
1.2 cycle;" C; corresponding' to the tyrosine :at position 19; if 
ec degradation has occurred", the^ label -will" appear" iri^ 
C$ earlier ^cycles .£ rxen stiJ i^vr V fcr or £ ^;n:c-e? hr.ss 
15 r - BV- Assay 1 b\r RP«HPLC:"T srir *:z i y"zZ r;:Ii ;cr: V s 

While the foregoing method is a clear criterion for 
^ exhibiting aL longer half-lif e" in plasma/ alternative 
forms of the assay for this property can also be used. 
In one convenient assay., the analog can be assessed for 

2 0 degradation into fragments using reverse phase-HPLC, 

since the fragments have different retention times from 
the analog per se. In this assay , the analog is : added to 
plasma for various times arid recovered similarly to the 
method /described -above for : radiolabel sequencing 
25 o analysis. -Specifically/ the ^analog at a concentration of 
100 nM in RIA buffer is spiked into 1 mL plasma to a 
final concentration of .1 nM and after incubation in 37°C 
circulating water bath "for various preset times/ the 
reaction is stopped by bringing the plasma to 0.1% (w/v) 

3 0 in bacitracin. 

The peptides are then purified by Sep-Pak 
extraction as described above. The eluates are 
concentrated to about 1 mL on a Speed-vac, diluted with 1 
mL distilled water, frozen at 80°C and lyophilized 



-The cycle at which" label appears -indicates the 
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overnight. The powder is resuspended in.O.S.mL Buffer C 
(0.1% TFA in water) per mL starting plasma and 0.25 mL 
are injected on a. Hewlett-Packard; 109OL liquid- 
- chromatograph using an Alltech C18 column (0.45.x 25 cm; 
5 - 10. jra particle, size) . with- a;;Brownlee; 2 rem C18r.guard 7 
column. ; - The; extraction is^monitored at„OD 2 ^r throughout 
the run / and the solvent f low rate; was l.mL/minute ; A 
gradient, between Buffer C and- Buff er (0.1% TFA in 
acetonitrile) ; isi set ^up 1 over a 40 .minute? run- time.* * The 
10 r — gradient^ starts- afc <3 5% - Dztiss held : for- the f irstb2 ^minutes ~ 
\ after; injection and .then increased^ to r 42.%.:d over" 24^ 
: t minutes -x c The ^gradient is then increased to^60%- D- over 
the, nextrAwp: minutes, i held at,* this?, level for^2bminutes 
and returned to 35% D over the next 2 minutes ;^>The~%D 
15 remains at 35% for the remaining 8 minutes of the run. c * 
- Fractions are collected at 0.5 minute intervals for the 
.first, 30 minutes of each run and dried: in a.Speedrvac. 
The samples can be assayed for the presence of analog or 
fragment using. RI A (measuring competition with labeled 
20 GLP-1 ^(7-37) for binding to C-terminal specific , 
antiserum) or by any conventional or convenient 
c ^alternative_method.„ o :1: ■ : r-oLc-:-: cr* 

..^ v -Radioimmunoassays for the. amino or carboxyl . 
terminus t; of , c GLP-lLd7^37) . use a %single antibody, c; -; a 
;25 : ^displacement format. Binding of - "l-GLP-1 :(7-37) ..to _ 
antibody is incrementally displaced by increasing 
concentrations of unlabeled peptide in solution. 
Antibody bound iodinated peptide is separated from free 
iodinated peptide in solution by precipitation of the 
3 0 antibody-peptide complex with Pansorbin™ (Boheringer 
Mannheim) . - The resulting pellet is then counted on a 
gamma counter 
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: C. Loss of Binding to N-Terroinal Specific 
; . i ' Antibodies ; ^ — . — r ~' ±J?s~- : - ■ r-r <- 

:A third approach to assessment of half-life in 
plasma utilizes polyclonal or^monoclonal antibodies 
-5 ;:r. specifically -prepared ; to the N-termiTius "which will fail 
rfr;to bind -degraded analog! These e anti sera c were raised 
against a -synthetic peptide corresponding % tb GLP-i (7- 
22) which contains an additional cysteine :: residue at the 
carboxyl -terminus -and- is -specif icaliy-coiipled- to KLH via 
10 r.£the ccysteine Yusing^ mal- , c 1 

L. et al. Analytical Biochem (1987) 164 ; 494-501 . 
Polyclonal antibodies were generated in New Zealand white 
rabbits by giving a primary immunization into the r;: 
% DHL inguinal ilymph"nodes^ of ^500 £cpconjugate^emulsif ied with 
15 f :r.Freund ?-s' complete ad ] uvant n and r then two' ; subsequent : boosts 
of 200^/Ltg each in Freund ■ s incomplete adjuvant at 2~week 
intervals. j Blood (50 mL) is collected^ monthly thereafter 
and boosts are performed if titers are low. For 
generation of monoclonal antibodies, Balb/c mice were 
20 -immunized intraperitoneally- with 200 : /xg of conjugate in 
0.5 ml Freund's complete adjuvant. Mice were boosted 
biweekly with 100 fj.q conjugate in 0.5 ml Freun'd'F 1 ' 
: incomplete adjuvant.- Cells isolated from the spleens of 
these mice were^fused with- Fox-NY 'cells to produce- - 
25:- monoclonal cell lines. Monoclonal secreting cell lines 
are produced using' the standard Kbhler-Millstein " 
technology. Monoclonal supernatants and polyclonal sera 
are screened using an ELISA method for binding to GLP-1 
(7-37) but not to GLP-1 (8-37) . The specificity is 
3 0 confirmed in standard solution phase RIA. 

The kinetics of degradation of GLP-1 (7-37) are 
follow d by adding the analog to human plasma in RIA 
buffer, generally 10 ^tL of 100 x concentrated peptide is 
added to 1 mL of plasma to obtain the desired 
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concentration; the .sample ds then incubated in 37 °c water 
bath and triplicate 50 jxL aliquots are removed at various 
times. . JThe.r.aliquots.- are ^ immediately ethanol precipitated 
for radioimmunoassay using ;ar competition for binding of 
5 the Nrterminal ^specif ic antibody ^withradioiodinated GLP- 
1 3 ( 7-37 ) . ; Disappearance of the rability^to ^compete with 
_ the.„radioiodinatedvGLP-l (7-37) peptide; indicates ; 
degradation c of ^ the analog, j , : sr * 

- r .* y^iM o?*2&* n Y o9 £ vthese^assays #.ithe ^analog -tested has r 
10 /: enhanced- stability ^df ^itvis , less.^rapidly ^degraded ?than oi 
GLP-1 ; (7-37) . ■'■-fr rs ri r ^ i a- ; « 0 . _i -? . J 

The Analogs r - * i ^ -j^- JL * - ~s c r i **■ •:• f 1 ' 1 "\l r ■ ~ *i « • 7 

r r : . >. :r.r:.i???.r an ?lp9s; of r .the inyentioni haviiigvhigher ^potency 

15 than, glucagon.or haying^enhanced^ degradation: resistance" 
are modif ied -forms of : GLP-1 (7-34) through GLP-l ; (7-37) 
v . wherein, in some instances, amino . acids rof certain 
classes are substituted for the naturally occurring 
residues. ' 

20 " v Amino- acid .residues can, be generally subclassif ied, 

into four major subclasses as. follows and as shown in 
Figure JL.. ;T lm L _ n .; v.. .:tr, >: , ;V..;v vl;:. 

f x L:: Acidic: - The residues has a negative charge , due to 
loss<of T H ion at .physiolpgical pH and the residue. is 

25 attracted _by^ aqueous- solution so as to seek the surface . 
positions in -the conformation of a peptide in which it is 
contained when the peptide is in aqueous medium at 
physiological pH. 

Basic: The residue has a positive charge due to 

3 0 association with H ion at physiological pH and the 

residue is attracted by aqueous solution so as to seek 
the surface positions in the conformation of a peptide in 
which it is contained when the peptide is in aqueous 
medium at physiological pH. 
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Neutral/nonpolar : The residues are*;not charged at 
; physiological j?H and the residue vis ^repelled -by aqueous 
solution so as to seek the inner positions in the 
conformation of a peptide irr which it is contained when 
5 the peptide is; in; aqueous :medivunr :* These residues are 
also designated "hydrophobic" herein . 

Neutral/polar: . vThe . residues ^areinot charged at 
physiological pH, but the residue is attracted by aqueous 
solution so as to seek ; theoouter posit ijonsiin?. 

10 the conformation of a peptide in which it is contained 
when the ^.peptide is- in -aqueou^mediumv} • „ £ 

It is understood, of course, that .in. a, statistical 
collection of individual residue molecules some molecules 
will^be ^charged, v^and^ an 

15 attraction for or repulsion- from an aqueous : medium to a", 
greater or lesser extent. To fit the definition of 
"charged" , ^ a : signif "ican^per^ce ap- 
proximately 2 5%) of the individual molecules are charged 
at physiological pH. The degree of attraction or repul- 

20 sion required for classification as polar or nonpolar is 
arbitrary, and, ^therefore, amino_ acids_specif ically 
contemplated by thei .invention- have been ^specif ically 
classified as one or the other. Most amino acids not 
specifically named can be classified ron the basis of 

25 known behavior. r ^ „ ^vi- v r : ' 

Amino acid residues can be further subclassif ied as 
cyclic or noncyclic, and aromatic or nonaromatic, 
self-explanatory classifications with respect to the side 
chain substituent groups of the residues, and as small or 

3 0 large.. The residue is considered small if it contains a 
total of 4 carbon atoms or -less, .inclusive of the 
carboxyl carbon. Small residues are, of course, always 
nonaromatic. 
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For the -naturally occurring protein amino acids, 
subclassif ication according to the foregoing scheme \is as 
follows- (see also Figure 1).- 

5 - Acidic : Aspartic- acid and- Glutamic acid; ~ 

„ ■ .. Basic /noncvclic ; Arginirie, Lysine; ~ - 

Basic /cyclic : Histidirie;>' £ c " ^ ^ -c-ui^.-e 

Neutr a 1/polar/ sma 1 1 : : Glycine ; Serine -and- 7 — - 
: ' :■ ' r i. Cysteine ; ; ^.^v^ 2z- " " " i~r 

n ~ * :: Neutral7polar/ large /nonaromatic : r Threonine £ ± ' T 
15 - ; Asparagine; Glutamine; f r * : ' ; - ^ .td - - - 

. Neutr a 1 / polar / large / aromat i'c : - Tvr os ine ; f- 

Neutr a 1 / nonpo 1 ar / sma 1 1 : Alanine; 



2 0. 



Neutr a 1 / nonpo lar / larae / nonar omat ic : Valine,- 
- Isoleucine,~ Leucine," Methionine; - ^ - ^-^sa 7.; 



: a Neutral / nonoolar / larae / aromatic : Phenylalanine, 
25 and Tryptophan. - - — 

The gene-encoded amino acid proline, although 
technically within the group 

neutral /nonpolar/ large/cyclic and nonaromatic, is a 
3 0 special case due to its known effects on the secondary 
conformation of peptide chains, and is not, therefore, 
included in this specific defined group. 

Certain commonly encountered amino acids, which ar 
not encoded by the genetic code, include, for example, 
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. -beta-alanine (beta-ala) , or other omega-amino acids, such 
t as 3-amino * propionic , 4-amino butyric " and . so forth , . 
alpha-aminqisobutyric acid (Aib) , sarcosine^ (Sar) , - 
ornithine- (Orn) , citrulline~(Cit) , . homoarginine (Har ) , 
5 t-butylalanine ; ( t-BixA) y rt-buty lglycine r ; ( t-BuGy y ; -r 
N-methyli so leucine (N-Melle) , ^phenylglycine (Phg) , and 
cyclohexylalanine (Cha) , nor leucine, (Nle) > cysteic acid 
; - :- z ?. (pY a ) ^^. nc ^ methionine r sulfoxide;. (MSO) „. These -also fall 

.^convenient ly^intpoP^ti rtc^^ .tit.. 

10 - ^ n Based/pn the aboye^def inition? xv b&SxLorLL c*al£ el 
r "ini^r ~ r -Sar-and^beta-alax.aref neutral/nonpolar/ small ;Hq 

' .^;ju,^ B ^r t^BuG, —.N-Melle, r Nle^and Cha are:r;; - 
: - ^ neutral/nonpolar/ large/ nonaromatic; % £> [d5 yo^r-. r-r 

Har^andpOrmare basic/noncyclic; .*;qcf.si:s 
15 r -~ : : ~ ± Cy? 1 .:. -4 Sr --^cidic ; - rrorr / ^:rer^i;3;. v 1 1 i. :* j/c c- --err xl^ ;. e «*i 
~= Cit, -Acetyl Lys f and MSO are;. <;■: . 
~ neutral/polar/ large/ nonaromatic; and; : : 

Phg is neutral/nonpolar/ large/ aromatic. 
See, also,. Figure 1. . r 

20 :vv r - : The various omega-amino . acids are classified 

according tp-size, as neutral/nonpolar/ small (beta-ala, 
4- • v/ 3 -aminpprppipnic 4-aminobutyric) t or large; l( al 1 

others ) • ^ - , . 3 ^ • ' £r -Li:/ oiv^r. , ; ' ■ ; ;.r/v 

. t -;fcQther L amino- acid ; substitutions; ,f or^ those encoded in 

25 ; the gene- can alsp^ be included; in peptide compounds within 
the scope of : the invention and can be classified within 
this general- scheme. - r ; : ^ — : — " -*£■:?"..-.:.. : 

The nomenclature used to describe GLP-1 analog 

compounds of the present invention follows the 

3 0 conventional practice wherein the amino group is assumed 
to the left and the carboxy group to the right of each 
amino acid in the peptide. In the formulas representing 
selected specific embodiments of the present invention, 
the amino- and carboxy-terminal groups, although often 
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r jr not -specif ically shown, will be -understood to be in the 

form" they -would assume at -physiological pH ^values, unless 
otherwise specified. 'Thus, the N-terminal -H + ^ "and li - 
C-terminal-O - - at physiological -pH- are understood to be 
5 present ^though ^not .necessarily (specified -and -shown ; - 
i>*£ either^ in -specif ic ^examples ^or-"in generic ^formulas ; 
i icrThe foregoing ^describes (the 'status of --the termini 

1. at neutral pH; it-is ; understood, -of course, -that 5 the acid 
addition salts^or^the^basic ^salts lof the'lpeptides are 
10 also included within" the^scope°bf the invention. At high 
pH k , ibasic^salts-of -' the- C^terminus*arid^carbo5cyi-containing 
side chains may be- formed from"* nontoxic pharmaceutical ly 
acceptable bases, ■ and- suitable "counter-°i6hs ' include, for 
example , Na + , K*^~ Ca^^ahd ^ the 1 ike? ^°Su itable 
15 pharmaceutically acceptable nontoxic-' brganic*Ications can- 
also be used as counter- ions . In -addition, as set forth 
above, the peptides may' be -prepared - as the corresponding 
amides. , - -•- 

Suitable acid addition salts with respect to the N- 
20 terminus or amino group-containing side chains include 
-the salts formed from inorganic acids such as - 
1 hydrochloric , ? -sulfuric,- or - phosphor lc^acicT* and those 
formed from organic acids such as acetic, citric> : or 
r:s o* other pharmaceutically- acceptable nontoxic- acids . 
.25 : - ; In.: the peptides shown,- each encoded residue where 

r: appropriate is represented by : a *singl4 letter - 
designation, corresponding to the trivial name of the 
amino acid, in accordance with the following conventional 
list: - - 

3 0 ^ ■ 
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~ One-Letter 
Amino Acid Symbol 



15- 



20 



25 



30 



Alanine ~ a 

Arginine " R 

Asparagine r ' - tZU ; 11 n 
Aspartic acid i.~zw ™ i , D 

Cysteine . : * '" c C r 

Glutamine *" - "* ^ : ; q 

iGlutainic^acid^ ^-^-°^ E ~ 



. c. 



Glycxne ^ ~~ ~g ^ ~ ' 

Histidine H 

Isoleucine - . j- ^ — ^^..^-^ .Jk.. 
Leucine^'- ; Li;^_.^^ii.-.^^:- L ...v^ 
^^^^ysine ^ ' /r ^^^^rn; r : ^ 

" r Methionine" " " ~ M 
Phenylalanine F 
- r ' Proline^ - "*' " ' - p 
Serine s 
Threonine " L t 
Tryptophan ^ -~ ' w 
Tyrosine y 

* v ' :: ^Valine - ; ^ 5 -^--s-ci ^ 



"■^""^ 'The' amino acids not c ehcocied geneticaily a?e ab- 
breviated as indicated above ? : *" 

In the specific peptides of the present applica- 
tion, the L-form of any" amino acid residue having an 
optical isomer is intended unless otherwise expressly 
indicated by a dagger (t) superscript. While the 
residues in the analogs of the invention peptides are 
normally in the natural L optical isomer form, one or 
two, preferably one, amino acid in addition to a 
specified "same-amino-acid-D form," substitution for the 
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naturally occurring amino acid may be in the D 
configuration. ^ ^ 

In the notation used in designating specific 

analogs , the positions modified are shown as : superscripts 

. . *" t 7 " ~ 

5 to the replacement amino acid; thus,. (H: )., -GLP-1 (7-37) is 

the noted GLP-1 (7-37) form with the .D. f brm : of histidine 

substituted at position 7; cn - 

(S) 22 (R) 23 (R) 24 (Q) 26 -GLP-l(7-37) refers to the 7-37 GLP 
form with serine at^position 22 , .arginine- at ; positions 23 
10 and 24, and glutamine at position 26, C; -* 



Preferred Embodiments ^ ; _ 

A . Enhanced Stimulatory Analogs . 7 v r 

^ • ~ — — 

For analogs with increased insulin-stimulating 

15 activity, particularly preferred analog compositions of 
the invention are those wherein only limited numbers of 
modifications or substitutions, as compared to GLP-1 
truncated forms are made. Thus, preferred are those 
analogs where the modifications described, in only one or 

20 two of the paragraphs (a) -(e) set forth above in the Dis- 
closure section occurs. 

Thus, among the preferred analogs . of- the invention 
are those wherein the (7-34), (7-35), (7-36) or (7-37) 
form of GLP-1 has been ^modified^ only, by substitution of a 

25 neutral amino acid, arginine, or..a f D. form of lysine for 
lysine at position 2 6 and/ or 34 and/ or a neutral amino 
acid, lysine, or a D form of arginine for arginine at 
position 3 6 (paragraph (a) ) . Particularly preferred are 
those wherein the amino acid substituted for lysine at 

3 0 positions 2 6 and 34 is selected from the group consisting 
of K^, G, S, A, .L, I, Q, R, r"^ and M, and for arginine at 
position 3 6 is selected from the group of K, , G, . S , - A, 
L, I, Q, M, and R* . 
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Also preferred are analogs wherein the sole 
modif ication is the substitution , of an 

oxidation-resistant amino T acid for tryptophan. : at position 
31 (paragraph (b) ) . Particularly .favored substitutions 
5_ are selected from the group .consisting .of C E, V, L, I, A, 

i r ^ - r *. Also e ^ ed *c are t^Ps® c analogs ^wherein the only 

modif ication^is at .least .one jof those specific 
substitutions set forth in paragraph c(c) ^ ^Particularly 

10 preferred are those analogs wherein combined x 

substitutions of S f or ,G .at position 22 , : R ,,at positions 
23 and 24 for Q and ^ respectively 7>: and : Q : for K at 
position 26 have been made, or ^substitutions of Y for V 
at position 16 and K for S at -position -18* ; haye been made, 

15 or these substitutions plus D for E at positions 21 have 
been made. - 

Also preferred are analogs wherein the sole modi- 
fications .are those set : forth in paragraph (d) . Par- 
ticularly preferred among -these are those wherein the 

2 0 small neutral amino acid substituted for alanine at posi- 

tion 8 is selected from the group -consisting -of S, S ( , G, 
C, C f ^Sar f _A . , beta-ala, and -Aib; r and(or the r acidic or 
neutral amino acid substituted for glutamic at position 9 
is selected from the group -consisting of .^rD, , Cya, 
25, T, T^, c nT, Q, Q*, Cit , jMSO, and acetyl-K; ^and/or the - 
alternative neutral amino acid substituted for glycine at 
position 10 is selected .from the group consisting of S, 

Y, Y 1 ", T, T 1 ", N, N^.Q^Q 1 ", Cit, MSO, acetyl-K, F, 
and F^; and/or wherein D is substituted for E at position 

3 0 15. . 

„- , Also. preferred are analogs wherein position 7 alone 
has been altered (paragraph (e) ) . Preferred 
substitutions are those wherein the amino acid 
substituted for histidine at position 7 is selected from 

35 
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the group consisting -of Hf # y/ , F, F f , R, r\, Orn, 
Orn^, M, M*, N-f ormyl-H, "*N-f ormyl-H^ / N-acetyl-H, 
N-acetyl-H^ , N-isopropyl-H, c N-isopropyl-H^ / N-acetyl-K; 
- N-acetyl-K^-; P, and P*V . 

5 Al&o preferred 'are %BQDodiments with a" combination^ 

of only two of the above-referenced classes of" modified 
\ " : forms/ -in addition to the -following ^specif ic w embodiments , 
The -following specific analogs are preferred: 

cr^:r-:^c ( N -£ C etyl-H) i7 ^ <7^37)T ? ' 

^ : '(N-isoprdpyl- r H) 7 -GLP-l (7 -37V;' 0 rrr ~' :> 3nr " 
^ ; (A% 8 — G£P-i(7-37) ; * Bb: ' ni nf - ~ V£i " ^ rrcxz.arr 

15 r~ - (D) 9 -GLP-i(7-37) jf ? ~ - — 

(D*) 9 -GLP-l(7-37) ; 
-.L^c ,.w (F*) 10 -GLP-l(7-37y- : " 

(S) 22 (R) 23 (R) 24 (Q) 26 -GLP-l(7-37) ; and 



.20 
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(S) 8 (Q) 9 (Y) 16 (K) 18 (D) 21 -GLP-1 (7-37) • 
r " T B I " Enhanced Stability Analogs 

4 Preferred forms ~of -analogs with enhanced stability 
also-have 6nly r 6nev x or : at most "two r amino *acid 
modifications V- ^ " 7 Tr r 1 " ' 1 ~ ~ J1 

^Pref erred v substitutions :: f or the histidine at 
position^-* include the D-forms of acidic or neutral amino 
acids or the D-forms of histidines. Preferred are ' P^ , 

d*, e^/'n" 1 ';' , u jJ , v*, and - ■.- ^ c 

The histidine at position 7 , or a replacement (D or 
L) , can also be N-alkylated (1-6C) or N-acylated (1-6C) . 
Alkyl groups are straight or branched chain (including 
cyclic) hydrocarbyl residues of the indicated member of 
C, Acyl groups are of the formula RCO - wherein R is 
alkyl as defined above • Preferred alkyl groups are t- 
propyl, a-propyl and ethyl; preferred acyl are acetyl and 
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propionyl. Preferred residues which may be alkylated or 
acylated_ Include P, D, E, , N, Q, -V, L, I , K and H :±n 
either the D or L form.-. ro. -.£, : : - 

Preferred substitutions for alanine at position 8 
^5 ^are ,the D-f orms> of : P,L:V,-Ii, : I ^and u A?: C also preferred are 
..nxB'.^A ^-fprms ofiJ^c;E^^ r? ;Q /: K, r: T^Sj C andrH.: rix 
- . — j.. r ; ; . : Jt is/understood, as is ^demonstrated ^below, that 

some specif ic analogs show both . enhanced < insulin release 
stimulating. r activity *and enhanced , stability .-^r^ii^wi 

Preparation 

The analogs of tofj^nyentionjca^ using 
^standard -solid-phase . techniques ^f or -the nsynthes is of 
peptides ^ PC As n is ^general ly cknown. 7: peptides ^of .irthe- ? 
15 ^requisite length ^can be prepared ^using commercially cJ 
available equipment and reagents following ;the . . 
VCl manufactxirers? -f instructions .for ^blocking;, interfering 
groups, protecting the amino acid to be reacted, 
coupling, deprotection, . and capping of unreacted_ 
20 residues. Suitable equipment can be ^obtained, for 
;i :_ exam P le / from Applied, BioSystems in. Foster. City, : 

v Calif ornia, , or Bipsearch Corporation .^in SancRaphael, 

California. ^ ;-vi,, icr r- - 

— r r F; .^In acpreferred s methody. £ the peptides.v.are synthesized 
25 using standard; automated, solidrphase synthesis protocols 
employing t~butoxycarbonyl-alpha~amino acids with, 
appropriate side-chain protection. , Completed peptide is 
removed -.from the solid phase support with simultaneous 
side-chain deprotection using the. standard hydrogen 
30 fluoride method. Crude peptides are further purified by 
semi-preparative reverse phase-HPLC (Vydac C nQ ) using 
acetonitrile gradients in 0.1% trif luoroacetic acid 
(TFA) . The peptides are vacuum dried to remove 
acetonitrile and lyophilized from a solution of 0.1% TFA 
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- in water. ^ Purity is verified by analytical RP-HPLC. The 
peptides can be lyophilized : and then ^solubilized in 
either water or 0.01 M acetic acid at concentrations of 

£ r: 1-2 <mg/mli by -weight. - " - - :_T : - ~ L - - : - - - 

5 re- be~-zz r^The use - c o£ 'theT ^aforementioned synthetic methods is 
needed if nonencoded ^amino acids - or the D forms 1 of ^amino 
r ~acids ioccxir - in the peptides. 'However, for : peptides which 
. - z - are r gene-encoded /- recourse* can also be -had : to re- - 
combinant ^techniques -using readily Synthesized x DiTA^ 
10 sequences in commercially available expression systems.^- 

r r. Formulation rfand "Administration — " :. t '?' r - ~ r - 

'z - iJ:-5r.£The*v;anarc)'gs*c6'f ^ the" -invention * are ^useful ^irf-th'e 
treatment sofiType Il^diabetes The ^analogs r cari r be ^ 

15 administered systemically -in -a variety -of formulations, 0 * 
as is - genera llyiknown in the- art. ' Formulations rv: 
appropriate for particular -modes of administration for 
peptides are-set forth in, for example, Remington 1 s 
Pharmaceutical Sciences . latest edition, Mack 'Publishing 

20 Company, -Easton> Pennsylvania. - In - general, the - ■ - 

formulations utilize -an -effective amount of the analog or 
.mixturesnof analogs and -at least one pharmaceutical ly 
acceptable excipient. :nor: u., s 

c-?r. c r^"-r:\r^ a~ variety ^of modes- of- administration are effective 

25 :cr in .systemic treatment", such- as ^injection r , including 
intravenous, intramuscular , subcutaneous; and" 

i.^ , intraperitoneal injection; transmembrane or transdermal 
administration, using suitable suppositories or sprays; 
and, if properly formulated, ~ oral administration. Suit- 

3 0 able excipients for injection include various physiologi- 
cal buffers, such as Hank's solution and Ringer's solu- 
tion; suitable transmembrane or transdermal formulations 
contain penetrants such as bile salts or fusidates; and 
typical oral formulations contain protective agents which 
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inhibit the digestion of the active ingredient. Also 
available are various slow-release formulations involving 
- i-macromolecular matrices such as-pyxrolidones arid methyl- 
cellulose. Alternate drug delivery systems include 
5 -liposomes arid microemuls ions. A variety { 6f ^formulations 
are workable, and the provision of appropri^te^fjprmula- 
tions for the selected peptides and administration routes 
is generally understood by practitioners. nl - c ~ 
z J A typical dosage range for the compounds of; the 

10 invention is about 1 pg/kg-l mg/kg body weight, although 
these are approximations depending^ upon a a -large 1 number of 
factors including^the potency of the analog, . its:.:, 
circulating half -life, the individual characteristics of 
the r sub}ect, and the like. Optimization ' of -4 rvrr. 

15 administration ? 6f insulin for diabetic treatment* of : 

individuals is well established, and similar optimization 
protocols are employed here. _ r- 

Examples " 
20 - The following examples are intended to illustrate, 
but not to limit, the invention. 

1 *~ Example 1 * " 

v" Enhanced Insulin Sti mulation by Analogs of the' Invention 
25 As shown in Figure 2, analogs of . the. invention ~ * 

having a variety of substituents modifying the native 
structure have been prepared. Some of these analogs have 
been tested in the adenylate cyclase assay referenced 
above, with the results shown in Table 1. 
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TABLE 1 



.- 5 



Positive Controls 

GLP-l(7-37) ~ ■ ; r 
GLP-l(7-36) (amide) 

Related^Petrfcides 



ED50 nM * 
Duplicate Assays 

0.16 0.25 
0.16 r^o— ^ -0.2 0 



9i1 

10 raid 



& b n ^ O .7 aTO Z ■ £~ i . 



15 



20 



25 



Glucagon 
Secretin 
GIP 
GRF 

Neaative : ContrQls r 

GLP-1 (1-37)^- ; - V.r- y; 

GLP~l(2-37) - 

GLP-l(3-37r* 

GLP-1 (4-37 ) rrc. : : ~ * s ;* cC 

GLP-1 (5r 37). ....... 5 * . 



Analogs . : - u 
(H*'") 7 -GLP-l(7-37) 
(Y) 7 -GLP-l(7-37) 
(N-acetyl-H) 7 -GLP-l (7-37) - 
(N-isopropyl-H) 7 -GLP-l (7-37) 
(K) 7 -GLP-l(7-37) 
r (A*) IrGLP-l (7-37) A „VvL ^P- V 
(E^) 9 -GLP— 1 (7-37 J ? : ~ ~ 1 



80.0 140 

NR ^ ~~- - 

. ^ s 10.0- - , 37.5 
NR 



>iooo 

70 
130 
- 150 



r '2900^ 

, \ 81 
* -200 J 
750-970 



30 



(D) -GLP-1 (7—37) 
(D 1 *) 9 -GLP-l(7-37) 
(F* t ") 10 -GLP-l(7-37) 

(S) 22 (R) 23 (R) 24 (Q) 26 -GLP-l (7-37) 
(S) 8 (Q) 9 (Y) 16 (K) 18 (D) 21 -GLP-1 (7-37) 



1.1 

5.0 

15.5 

15.5 
350.0 
1 L:0.40.— 

55.0 
0.17 
0.90 

12.0 
0.94 
0.31 



2.2 

:5.0 



0.55 
74.0 

0.28 

0.90 
23.0 

1.8 
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The various ^analogs' .of the invention thus show a 
useful range; of potencies in the insulinotropic assay. 



Example 2" ' 



5 r-clcr, CEnhanced- Stability of -GLP-l-Ana logs " - ; 



The GLP-1 (7-37) truncated hormone was ' : 
radioiodinated and the purified peptide was incubated 
10 with plasma and assayed by radiorabelxsequehcing as 3 01 
described: hereinabove.^ cThe ^sequencing ^was done on 
; samples rat ;:time ;:zerop- 15 minutes ~ and -iSOlminutes; 5 At time 
;rr":2ero,v^a'isingle peak : ^of ^radioactivity -was found -at -cycle 
13 vindicating no xdegradation^£-7Af ter~i5 tminutes;-^he 
15 amount of ".radioactivity in rcycler 13 "was £ reduced /^and that 
: , in. cycle 11 .was enhanced: After 60 minutes of 
. incubation, -virtually :all of the counts appeared at cycle 
-11. . - • . : • . : ■ * - 



20 aminopeptidase cleavage is responsible for the 
degradation :of the cGLP-1 (7-37) peptide, 
vor: ^^::The foregoing ^results are consistent witfP 

degradation as measured -by RIA using' N-terminal specific 
and C-terminal specific antisera. When incubated;; with 

2 5 plasma as described above and tested by RIA, no 

diminution 7 in the ability of the recovered fragment to 
inhibit binding of radiolabeled GLP-1 (7-37) to carboxy 
terminal-specific antibody was found; however, the 
ability to inhibit binding to the amino terminal-specific 

3 0 antibody decreased almost to zero after 1 hour. 

GLP-1 f7-37) Analogs Tested by Radiolabel Sequencing 
The radiolabel sequencing method of degradation 
analysis was conducted using a GLP-1 (7-3 7) analog which 




^ A . ^ Demonstration of Mode of Inactivation 



"It thus appears that a single dipeptidyl : 
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r contained either D-Asp in .the ;9-position or D-Ala in the 

8-positionv~o;The -results of ;this assay are shown r in - 

Figure 3. Figure 3A shows the results for (D^) 9 -GLP-1 

(7-37) and Figure 3B_ shows^ the results for (A^) 8 -GLP-1 

5 (7-37) •r^cAs^shovm In ^'^M^f iguresV.jtheLCD^) 9 analog I 

degrades in a manner similar to GLP-1 (7-37) ; on the 

t 8 

other hand , /the (Ay ^ra^al^^j^howed.ralmostlnio^degradation 
after 60 ^minutes r : r- r > : - * T 

Lj s ^j^c^'c-n z £. b £>b 1 's q £ q ;^ .v i. L i tr "Ci ^ r ;" t n t * 1 ; f> rsJ. i c* .i c- i I /. r 
10 C.^r Ana logs -Tested bv : RIA yd bov&aaa bn^ c-ssfiie *i: It** 01 

no t?The Njrterminal*Lspecif ic antibody: -carl: be cused to 
^ measurerithertdegradation xof r analogs £only.iif ^it ?is :able to 
cz / ■ cross-react with vthese r analogs ,;cwhich themselves ^contain 
alterations ,i>in /the -Nr.terminus^:^ -Figure 4irshows'±the £ ^ 

15 r : results -for -analogs modified at ^positions ~7 ;ic8 rand "9. 

7 +7 t 8 

(Y) , (H ! ) _and; (A 1 ) . appear ;to be capable, although at 

high ^concentrations, of cross-reactivity; (D^) 9 is not. 

The cross-reacting peptides were incubated with plasma 

for 60 minutes at high concentrations (10-100 :nM) and 

20 tested by RIA using RIA , against . the„N-terminalzspecific 

antibody. Consistent with the results in paragraph B, 
t 8 

the (A')v; analog-was not degraded rafter: 60 minutes, nor 
+ 7 7 
■ was v the (H !.):'■- analog, /However , -rthe . (Y) ' analog was 

r.j degraded.^ ^ £l ± . ^•-.w^J...*^ *~ ~ *~ 

D. < Analogs Shown Protease Resistant bvHPLC ri;r,j 
^ — , The resistance of various analogs, to degradation as 
compared to GLP-1 (7-37) was also tested by HPI*C as 
described above. The incubation in plasma was for 60 
3 0 minutes; either degradation was not observed or was 

complete after this time* The results are shown in Table 
2. - . - < • • • 
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TABLE 2 



Resistance to 
Analog _ Degradation 

~o'^ *■•»;. fc \r :/r-r: iSr-josz ">r,„ ~ % ... x:^c? Lie^ 

(H ' ) GLP— 1 (7^37 ) , , + 



(N-acetylrH) 7 GLP-1 J(7 r 37) 7 
(N-isopropyl-H) 7 (7-37) 
( Y) 7 GLP— 1 * (7-37) . " ,"\ 



- n (K) GLP-1. (7-37) f - . . . „ 

(N-acetyl-K) 7 GLPrl (7-37) , 

(S) 8 (Q) 9 (Y)^ 6 (K)\ 8 (D) J 1 GLP-r (7-37) _ 

(A T ) B GLP-1 (7-37) .... + 

(D T ) y GLP-1 (7-37) . . 

+ Q ; ' ncxnscf' ?s err m-ip-a* ~c ■? 

(E') a GLP-1 (7-37) . - 



1B . ( E 1 ) GLP-1 (7-37) . 
(Q)* GLP-1 (7-37) 
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Claims 

1. A peptide useful as a therapeutic for Type II 
5 diabetes, said peptide being more potent than glucagon in 
stimulating insulin release from islet cells, and said 
peptide consisting essentially of GLP-1 (7-34) 7" ' 
GLF-l(7-35~) , GLP-1 (7-36) , or GLP- 1(7-37 ) J or ^the Z f 4 
C-terminal" amide form thereof, having' at least" one J 
10 modification selected from the group^ cons i is ting of : ; ox 
(a) substitution of a neutral 'amino * abiH^arginine , 
or a D form of lysine f br"lysine u at position 26- and/or 34 
and/or a neutral amino acid, lysine'/' or' a Deform 1 of ' 
arginine for arginine at position 36; j ~ " * 

15 (b) "substitution of an oxidation-resistanti amino - 

acid for tryptophan at position 31; 

(c) substitution according to at least one of: 
Y for V at position 16; 
K for S at position 18; 
20 d for E at position 21; 

S for G at position 22; 
R for Q at position 23; 
R for A at position 24; and 
Q for K at position 26; 
25 (d) a substitution comprising at least one of: 

an alternative small neutral amino acid for A 
at position 8; 

an alternative "acidic amino acid or neutral 
amino acid for E at position 9; 
3 0 an alternative neutral amino acid for G at 

position 10; and 

an alternative acidic amino acid for D at 
position 15; and 
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position 18 have been made,, or these substitutions plus D 
for E at positions 21 have been made, r. : , ±~ 

optionally in -combination with, a modification as 
set forth in one additional "paragraph of claim 1. 

*r-w " ^.•^;:-:The / -peptide of. .claim 1 /wherein rthe;;only;:. c 

modification is as set : f orth in paragraph r(d) of claim l 
and wherein the small neutral amino acid substituted for 
alanine r at position ;8 is selected rf rom .the group 
10 „i ^consisting HOf^S :iC ~S ~, Z G, t C, 7z Qi ^Sar,3 A J i, ? beta-aia,bcand Aib 
^and -the jacidic . pr-neutral amino, racid ^substituted £for 
glutamic, at position -9. ris selected from : the * groups 
. , :r consisting of 'D,^,j Cya, T, ;Tt, T :N,r £ Nt^iQv3-Q^t:Cit , 
r: ^MSO, r and ;acetyl-K, : jand ^thexalternatiye -neutral camino acid 
15 ^substituted % f or t glycine ^at ..position 10 is selected -from r 
the group consisting of S, S^, Y, Y^,,T, , N, , Q, 
r qt Cit, ;MSO, acetyl-K, F, jand , , _ * * 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 1. 
20 •. , .... .. , t ... 

6. The - peptide of claim 1 wherein the only 
- . . . , .modification is as set forth : in -paragraph i(e);rpf j.claim 1 
and wherein the .amino acid ^substituted for histidine at 
position 7 is selected from the group ^consisting of , 
25 ^ / ~T, T^, R, . R*, Orn, Orn* , M, ,. r N-f ormyl-H, 

N-f ormyl-H^ , - N-acety 1-H , N-acetyl-H^ , N- isopropy 1-H , 
N-isopropyl-H* , N-acetyl-K; N-acetyl-K^ , P, and P* , 

-optionally in combination with a modification as 
set forth in one additional paragraph of claim 1. 
30 • „ ....... 
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•l .-..-7.-;. The peptide of . claim 1 which is selected from 
.. .the : group consisting, of 

■■:■:< + \ " - sr.. 

(H T ) ' -GLP-1 ( 7-37 ), f . . _. „ . 

5 (Y)7-.GLP-l(7-37) / ' . h \, , , V ■ : . -.. !r.na:: 

- ( N— acetyl— H ^ 7 -GLP-1 ( 7 -3 7 ) , x c * c " ' h r< * 

(N-isopropyl-H) ^LP-l (7-37 ) , ' 

(aI).|-GLP-1X2t3Z) , c ■■■ffluLei-- 1'c r. .'. , r^q s;;; .0. 

' £i S" rrci riser ~r. fcios *r-C ftrir iriirxerfv fan:. 

(D)^-GLP-l(7-37) ; t , f . o r . = 

. .(©! ) ?nGLPsl.(7s33.) , v - nc:I- e:.ic.- - r.x Mi^s-ncJ^qc 

(Ft) 10 ^GLP-i(7^7T? £ ^ Z*ao±;±b** £ nc ni ^ - :b-, 
15 - 5 

(S) 22 (R) 23 (R) 24 (Q) 26 -GLP- 1,(7-37) , . and ,™ 

(S) 8 (Q) 9 (Y) X r (K)" (D) 21 -GLP-1 (7-37) • 

8 . , - A. peptide useful as a therapeutic for Type II 

2 0 diabetes, said peptide having enhanced resistance to 

degradation in plasma as compared to GLP-1 (7-37) and 
said peptide^ consisting essentially of GLP-1 (7-34 )*, 
GLP-l(7-35), GLP-l(7-36), or GLP-1 (7-37) or the 
r , C-terminal amide form thereof ^having at least one 
25 modification selected f rom : the group consisting of: 3 
n (a); substitution ofv the:D form of a neutral or 
acidic amino acid or the D form of histidine for:, 
histidine at position 7; 

.(b). substitution of a D form :of an amino acid for 

3 0 alanine at position 8; and 

(c) substitution of an N-acylated :(1-6C) .or N- 
alkylated (1^6C) form of. an alternate amino acid or of 
histidine for histidine at position 7, 
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9. The ^peptide of claim 8 wherein the only 
modification is as set forth in -paragraph (a) : of claim 8 
and wherein the D form of the amino acid substituted for 
histidine at position 7" is selected from the group 

5 consisting of pt , , eT , , , iJj^V^, it.: and -lit , 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8 . 

10. The peptide of claim 8 , wherein'the only ; 

10 modification is as set forth in paragraph,, (b) - of tclaim B 
and wherein the D-amino acid at position 8 is selected 
from the group consisting of P ] , V ! , L' , I ! , and A' , 

optionally in combination with a modification as 
set forth in one additional paragraph of__ claim 8; 



15 



\ - * 

11. The peptide of claim 8 wherein the oniy' 



modification is as set forth in paragraph (c) : of claim 8 
and wherein the alkylated or acetylated amino acid is 
selected from the group. consisting of P, -D, E, N, Q, V, 
20 L, I, K AND.H, 

-optionally in combination with a modification as 
set. forth _J.n one^ additional paragraph of claim 8. 

12. A pharmaceutical composition useful in the 

2 5 treatment: of - diabetes Type~ II which' comprises ■ r ah^ r ~ 

effective amount of the peptide of claim 1 or 8 in 
admixture with a pharmaceutically acceptable excipient. 

13 . A method to treat Type II diabetes which 

3 0 method comprises administering to a subject in need of 

such treatment .an effective amount of the peptide of 
claim 1 or 8 or a pharmaceutical composition thereof. 
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14 . The peptide of claim 8 which is selected from 
the group consisting of 

(tit) 7 -GLP-l (7-37), - 
5 (N-acetyl-H) 7 -GLP-l (7-37), 

(N-isopropyl-H) 7 -GLP-l (7-37), 
(N-acetyl-K) 7 -GLP-l (7-37), and 
(A^) 8 -GLP-1 (7-37). 

10 
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Figure 1 



Acidic: Glu (E), Asp (D); Cysteic (Cya) 



Basic: 



Non-cyclic: Lys (K), Arg (R); Ornithine (Orn); 

Homoarginin (Har) 



Cyclic: His (H) 



Neutral 



Polar 



Non-Polar 



Small 



Large 



Small 



Large 



Non-aromatic Aromatic 



Non-aromatic Aromatic 



Gly (G) Thr (T) 


Tyr (Y) Ala (A) 


Val (V) 


Phe (F) 


Ser (S) Asn(N) 




Leu (L) 


Trp (W) 


Cys (C) Gin (Q) 




He (I) 




Cit 


Sar 


tBuA 




MSO 


Beta-ala 


tBuG 


Prig 


Acetyl Lys 


Aib 


N-Melle 






Nle 








Cha 
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FIGURE 2 
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FIGURE 2 con't 
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Claims 



1. A peptide useful as a therapeutic for Type II 
5 diabetes, said peptide being more potent than glucagon in 
- stimulating insulin release from islet cells, and said 
■peptide consisting essentially of GLP-1 (7-34) , 
GLF-l(7-35) , GLF-l(7-36), or GLP-l(7-37) or the 
C-terminal amide form thereof, having at least one 
10 modification selected from the group consisting of: 

- (aj substitution of a neutral amino acid, arginine, 

or a D form of lysine for lysine at position 26 and/or 34 
and/or a, neutral amino acid, lysine, or a D form of, 
arginine for arginine at position 36; 
15 (b) substitution" of an oxidation-resistant amino 

acid for tryptophan at position 31; 

(c) substitution according to at least one of: 
Y for V at position 16; 
K for S at position 18; 

2 0 D for -E at position 21; 

S for G at position 22; 
R for Q at position 23;. 
- R for A at position 24; and 
Q for K at position 26; 
25 (d) a substitution comprising at least one of: 

" an alternative small neutral amino acid for A 
at position 8; 

an alternative acidic amino acid or neutral 
amino acid for E at position 9; 

3 0 an alternative neutral amino acid for G at 

position 10; and 

an- alternative acidic amino acid for D at 
position 15; and 

35 
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(e) substitution of an alternative neutral amino 
acid or the D or N-acylated or alkylated form" of 
histidine for histidine at position 7- 

wherein for (a) , (b) , —(d) and (e) , the substituted 
5 amino acids can optionally be in the D form and the amino 
acids substituted at position 7 can optionally be in the 
N-acylated or N~ alkylated form. 

2. The peptide of claim 1 wherein the only 
10 modification is as set forth in paragraph, (a) of , claim i 
and wherein the amino acid substituted for lysine at 
positions 26 and/or 34 is selected from the group 
consisting of Y^ ,'Q /S", ~ K, L, I, Q ; M /y R and and the 
amino acid substituted for arginine at. position 36 is 
15 selected from the group" consisting of K, , G, S, A, L, 
I, Q, K, and , 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 1. 

2 0 3. The peptide of claim 1 wherein the only 

modification is as set forth in paragraph (b) of claim 1 
and wherein the amino acid substituted for tryptophan a- 

position 31 is selected from the group consisting of F, [\ 

L, I, A and Y , :j 

25 " optionally in combination with a modification as ;i 

set forth in one additional paragraph of claim 1. ; 

4 . The peptide of claim 1 wherein the only 
modification is as set forth in paragraph (c) of claim i 

3 0 and wherein combined substitutions of S for G at posit icr. 

22, R at positions 23 and 24 for Q and A respectively, 
and Q for K at position 2 6 have been made, or 
substitutions of Y for V at position 16 and K for S at 



35 



WO 91/11457 



PCT/US91/00500 



• -36- 

position 18 have been made, or these substitutions plus D 
for E at positions 21 have been made,.- - « 

optionally in combination with a modification as 
set forth in one additional "paragraph of claim 1. 

5 

5. The peptide of claim 1 wherein the only 
modification is- as. set forth in paragraph (d) of claim 1 
and wherein the small neutral amino acid substituted for 

alanine at position 8 is selected from the group 

i f t 

10 consisting of S, S , G, C, CV, Sar, A , "beta— ala, and Aib 

and the acidic or neutral amino acid substituted for 

glutamic at position 9 is selected from the group 

consisting of , D, D*, Cya, T, , N, , Q, Q^, Cit, 

MSO, and acetyl-K, and the alternative neutral amino acid 

15 substituted for glycine at position 10 is selected from 

a. x jl j. 

- the group consisting of S, S, Y, Y , T, T , N, N 1 , Q, 
Cit, MSO, acetyl-K, F, and F^" , 
4 optionally in combination with a modification as 

set forth in one additional paragraph of claim l. 

20 

6. The peptide of claim 1 wherein the only 
modification is as set forth in paragraph (e) of claim 1 
and wherein the amino acid substituted for histidine at 
position 7 is selected from the group consisting of H 1 , 

25 Y, Y*, F, F*, R, RS Orn, * Orn V Mr ~ M 1 " , N-formyl-H, 

N~formyl-H^, N-acetyl-H, N-acetyl-H 1 , N-isopropyl-H, 
N-isopropyl-H 1 , N-acetyl-K; N-acetyl-}^ , P, and p"*" , 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 1, 

30 
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7. ..The peptide of : claim 1 which. is selected from 
- the group consisting of •-. . — ;: * 

(H^) 7 -GLP-l(7-37) , " "1 

5 (Y) 7 -GLP-l(7-37) , 

(N-acetyl-H) 7 -GI J P-l(7-37) , 
- . (N-isopropyl-H) 7 -GLP-l(7-37) , - 

(A*) 8 -GLP-l (7-37) , 
. ; (Et) 9 .-GLP-l(7-37) , -. : 
- — ? (D) 9 -GLP-l (7-37) , 

(D*) 9 -GLP-l(7-37) , _ 
r . _(F*)*?-GI*P-l(7-37) / - - : ' * 

(S) 22 (R) 23 (R) 24 (Q) 26 -GLP-l(7-37) , and 
(S) 8 (Q) 9 (Y) 16 (K) 18 (D) 21 -GI^>-l(7-37) . 

8. A peptide useful as a therapeutic for Type II 
20 diabetes, said peptide having enhanced resistance to 

degradation in plasma as compared to GLP-1 (7-37) and 
said peptide consisting essentially of GLP-l(7-34), 
GLP-l(7-35) , GLP-l(7-36), or GIJ>-l(7-37) or the 
C-terminal amide form thereof, having at least one 
25 modification selected from the group consisting of: 

(a) substitution of the D form of a neutral or 
acidic amino acid or the D form of histidine for 
histidine at position 7 ; 

(b) substitution of a D form of an amino acid for 
3 0 alanine at position 8; and 

(c) substitution of an N-acylated (1-6C) or N- 
alkylated (1-6C) form of an alternate .amino acid or of 
histidine for histidine at position 7, 
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r 9. The peptide of claim 8 wherein the only 
modification is as set forth in paragraph (a) of claim 8 
and wherein the D form of the amino acid substituted for 
histidine at position 7 is selected from the group ' 
5 consisting of D* , , , 0* , it , V*, I* and H 1 " , 

optionally in combination with a modification as 
set forth in one additional .paragraph of claim 8. - 

10. The peptide of claim 8 wherein the only 

10 modification is as set forth in paragraph (b) of claim 8 
and wherein the D-amino acid at position 8 is selected 
from the group consisting of P^", V^, L* 1 , 1 1 , and A^* , 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8. - z , 

15 

11. The peptide of claim 8 wherein the only 
modification is as set forth in paragraph (c) of claim 8 
and wherein the alkylated or acetylated amino acid is 
selected from the group consisting of P, D, E, N, Q, V, 

20 L, I , K AND H, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8 . 

12 • A pharmaceutical composition useful in the 

2 5 treatment of diabetes Type II which comprises an 

effective amount of the peptide of claim 1 or 8 in 
admixture with a pharmaceutical^ acceptable excipient. 

13 . A method to treat Type II diabetes which 

3 0 method comprises administering to a subject in need of 

such treatment an effective amount of the peptide of 

i 

claim 1 or .8 or a pharmaceutical composition thereof. 
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14. The peptide of claim 8 which is -selected from 
the group consisting of 

(H^-GLP-l (7-37), 
(N-acetyl-H) 7 -GI^>-l (7-37), 
(N-isopropyl-H) 7 -GLP-l (7-37), 
(N-acetyl-K) 7 -GLP-:u (7-37) and 
(A^-GLP-l (7-37). 
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